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INTRODUCTION 57
The Arctic has been subjected to atmospheric warming in recent decades at a rate that exceeds 58 the global average by a factor of 2-3 (AMAP 2017). This warming induces major modifications 59 in the Arctic marine environment, e.g., a decrease in sea-ice cover (extent and thickness) and 60 an increase in freshwater discharge (AMAP 2017, Kwok Terrestrial runoff from melting snow and ice increases water column turbidity and diminishes 78 light availability, in turn decreasing primary productivity (Murray et al. 2015 , Arimitsu et al. 79 2016 . Freshwater inputs also reduce primary productivity in some fjords due to increased 80 stratification, causing nutrient depletion in surface waters (Piquet et al. 2014 , Meire et al. 2016 labile organic carbon, which may be a source of bioavailable carbon in low-productivity 83 ecosystems (Lawson et al. 2014 ). The impact of increased freshwater loads on the quality of 84 organic matter and transfers in Arctic fjords remains poorly understood. The study was conducted in Young Sound (74°N 20°W, Fig. 1 ), a High Arctic Greenland fjord 109 characterized by a long sea-ice duration of 9-10 months (Glud et al. 2007 ). The fjord is 110 approximately 90 km long and 2-7 km wide. The maximum depth is 330 m, but exchange with 111 coastal waters is limited by a shallow sill with a depth of 45 m at the mouth of the fjord 112 (Bendtsen et al. 2007 ). During land-glacier and snow melting, the surface waters become more 113 turbid and brackish due to freshwater inputs, especially in the inner part of the fjord (Ribeiro et 114 al. 2017) . Generally, such freshwater inputs generate a bilayer estuarine water circulation with 115 low-salinity surface flows from the inner to the outer fjord and inflows occurring close to the 116 seabed (Bendtsen et al., 2014) . Young Sound has the typical surface current circulation in fjords 117 affected by the Coriolis effect, with the southern part (Clavering Island side) more exposed to 118 freshwater outflow than the northern part (Wolloston Forland side; Bendtsen et al. 2007 In addition, three macroalgae species (Desmarestia aculeata, Fucus sp., and Saccharina 130 latissima) were harvested during summer in order to assess their potential contribution to the 131
The POM and SOM filters were cut in two parts to perform both FA and SI analyses on the 146 same sample. Each half-filter was weighed and the quantity of organic matter for the FA and 147 SI analysis was calculated by the following equation: 148
Where M (X) is the mass (mg) of POM or SOM used for the FA or SI analysis and W is the 150 dried weight of the half, whole, or precombusted filters. 151
Fatty acids analysis 152
The method used for the FA extraction largely follows the Bligh & Dyer method (1959) as 153 adjusted in Meziane & Tsuchiya (2002) . To quantify the FA concentrations, a known volume 154 of a commercial standard (23:0, concentration of 5 mg/ml) was introduced in each sample. Half-8 filters for POM and SOM analyses were diluted in a distilled water-chloroform-methanol 156 solution (1:1:2, v:v:v) and sonicated for 20 minutes for the FA extraction. The samples were 157 then completed by a distilled water-chloroform solution (1:1, v:v) and centrifuged (3000 rpm, 158 5 minutes). Lipid phases were transferred to separate tubes, completed by a distilled water-159 chloroform solution (1:1, v:v), and sonicated again for 20 minutes to maximize the extraction. 160
Then, samples were evaporated under a dinitrogen (N2) flux, diluted a second time in a mixture 161 of methanol and sodium hydroxide (2:1, v:v; [NaOH] = 2 mol.l -1 ), and heated at 90°C for 90 162 minutes for FA saponification. Finally, FAs were converted into FA methyl esters after 163 incubation for ten minutes at 90°C in a methanolic boron trifluoride solution (BF3-CH3OH 14%, 164 1 ml). At the end of the reaction, the chloroform phase containing FAs was retrieved and stored 165 at -20°C. 166
The FAs were quantified by gas chromatography (Varian CP-3800 equipped with a Supelco® 167
Omegawax® Capillary GC 320 column [length = 30 m, inside diameter = 0.32 mm, film 168 thickness = 0.25 μm], He as carrier gas). FA pics were identified by comparing with those from 169 an analytical standard (Supelco® 37 Component FAME Mix) and confirmed by mass 170 spectrometry (Varian 220-MS coupled to a Varian 450-GC, He as carrier gas). FA 171 nomenclature is defined as X:YωZ, where X is the number of carbon atoms, Y is the number 172 of double bonds, and Z is the position of the last double bond from the methyl group. The 23:0 173 standard allowed converting each FA methyl esters area into a concentration using the 174 following equation (Schomburg 1987): 175
where CFA is the FA concentration (µg/g), AFA is the FA peak area, AC23 is the 23:0 peak area, 177 C23 is the 23:0 quantity (µg) added to each sample, and Mf is the mass of matter deposited on 178 the analyzed half-filter. 179 major components of FA (Meziane pers. com.). Table 1 compiles all the FAs used as organic  181 matter tracers in this study and their related biomarker information. 182
Stable isotope analysis 183 SI analysis was performed on the second half of each POM and SOM filter and on A. moerchi 184 and M. truncata tissues. Half-filters were fumigated for at least four hours with 35% HCl to 185 remove inorganic carbon (Lorrain et al. 2003) . The surface layer, including filtered POM (or 186 SOM), was scraped and 10-30 mg of material was placed in tin capsules. Due to the small 187 amounts of inorganic carbon in digestive glands and muscles, no acidification was performed 188 with these tissues ( Regarding FA data in animal tissues, homoscedasticity and normality were rarely observed 229 between the two factors (e.g., digestive glands from May vs. muscles from August). As data 230 transformation is not recommended for percentage values not derived from count data (as 231 percentage of lipids), we thus performed a one-way PERMANOVA to test each factor 232 separately (e.g., season was tested for each tissue from a single species). Data from the SI 233 analysis on animal tissue were treated similarly with one-way ANOVAs. All statistical analyses 234 were performed using R software (R Core Team 2017). 235
RESULTS 236

Fatty acid profiles from POM and SOM samples 237
Particulate Organic Matter (POM) 238
Sixty-five FAs were identified in POM and SOM samples (44 FAs in August and 47 in May). 239
Only FA percentages higher than 0.2% in at least one sample are shown in Table 2 . Strong 240 seasonal differences were observed in the FA profiles of the POM samples. For example, apart 241 from s-POM from Basalt Island, the total percentage of PUFAs was between 9.7% and 22.1% 242 in August and was always less than 1.5% in May. Concomitantly, the sum of saturated FAs (Ʃ 243 SFA) shows opposite seasonal variations, with higher values in May (range: 82.5%-93.1%) 244 compared to August (range: 49.5%-69.3%). 245
In August, the FA profiles of the POM samples differed significantly depending on site and 246 depth (p-value < 0.01) and without any interaction between these factors (Table 3 ). The depth 247 variations in the POM FA profiles were not similar between stations. In fact, the FA profiles of 248 s-POM and b-POM samples from Pass Hytten were rather similar (similarity = 73.1%), but 249 those from Basalt Island differed more with depth (e.g., 18:1ω9 = 1.9% and 6.2% for s-POM 250 and b-POM, respectively; Table 2 ). In samples from Kap Breusing, the FA profiles strongly 251 differed between surface and bottom waters (similarity = 64.2%) with 20:5ω3 percentages 252 higher in b-POM than in s-POM (9% vs. 2.7%, respectively, Table 2 ). Considering spatial 253 variability, FA profiles related to the s-POM from Basalt Island in August (Table 2) revealed 254 much more degraded organic matter compared to those from other stations, with a higher sum 255 of SFAs (84.4%), a lower sum of PUFAs (3.1%), and a much lower FA concentration (2.6 mg.g -256 1 ) than in Pass Hytten and Kap Breusing (8.0 and 9.4 mg.g -1 respectively; pairwise test: p-value 257 < 0.001). In contrast, the b-POM samples were rather similar between Basalt Island and Pass 258
Hytten, while those from Kap Breusing had a distinct FA composition, with high PUFA and 259 monounsaturated FA (MUFA) proportions (22.1% and 25.6% respectively, Table 2 ). This was 260 particularly clear with FAs 20:5ω3 and 16:1ω7 reaching 9% and 12% in Kap Breusing, 261 respectively, whereas they were less than 3.7% and 6.9% at the other two sites, respectively 262 (Table 2 ). However, we did not observe any difference in FA concentration among stations (p-263 value > 0.05). 264
In May, the FA profiles differed significantly according to both site and depth (p-value < 0.05; 265 Table 2 ) without any interaction between these two factors (p-value = 0.077). At both stations, 266 POM appeared to be slightly more degraded in surface vs. bottom waters, as shown by the 267 higher proportion of SFAs in s-POM (Table 2) . Considering spatial variability, a higher 268 proportion of Ʃ SFA was observed in Pass Hytten than in Basalt Island (93.1 vs. 88.4 for s-269 POM and 90.4 vs. 82.5 for b-POM, respectively; Table 2 ). However, such depth and station 270 differences were relatively weak, as attested by the strong similarity between the s-POM and (Table 2) . Summer PUFA and MUFA 278 proportions were mainly linked to 20:5ω3 and 16:1ω7 contributions (18.3% and 6.2%, 279 respectively; Table 2 ). Strong seasonal differences were also observed in the FA concentrations, 280 which were three-fold more abundant during August (0.7 vs. 0.2 for August and May, 281 respectively, Table 2 ). In contrast with the POM samples, no differences among stations were 282 observed in SOM during August (p-value = 0.066) and May (p-value = 0.168). 283
Stable isotopes of POM and SOM samples 284
In August, depth appeared to be the first discriminating factor in δ 13 In contrast, all isotopic ratios associated with the May samples increased an average of 1.2‰ 293 and 2.4‰ for δ 13 C and δ 15 N, respectively. These ratios did not vary significantly with depth 294 within each station (p-value > 0.05, Fig. 2 ), but for both s-POM and b-POM, they differed 295 significantly between stations (p-value < 0.05, Fig. 2 ). 296
During summer, mean SOM δ 13 C levels were more enriched, by 2.7‰ and 1.6‰, when 297 compared to s-POM and b-POM, respectively (Fig. 2 ). Spatial differences were also observed 298 during this season, but they were not significant between Pass Hytten and Basalt Island for δ 13 C 299 values and between Basalt Island and Kap Breusing for δ 15 N values (pairwise test: p-value > 300 0.05). During May, the δ 13 C level did not differ between Pass Hytten and Basalt Island (p-value 301 significantly between Pass Hytten and Basalt Island (p-value < 0.001) and increased when 304 compared to August levels by 0.9‰ and 2.6‰ for Pass Hytten and Basalt Island, respectively 305 ( Fig. 2) . 306
Fatty acids profiles and isotopes values of bivalves 307
Fatty acids 308 FA signatures associated with the muscle and digestive gland samples of M. truncata differed 309 between seasons (p-value < 0.01, Tables 3 and 4 ). For the muscle samples, such differences 310 were mainly attributable to essential FA (EFA: here, the sum of 20:4ω6, 20:5ω3, and 22:6ω3) 311 variations (41.7% vs. 35.1% for August and May, respectively; Table 4 ). Temporal differences 312 in the digestive gland data were especially obvious for the 20:5ω3/22:6ω3 ratio (14.5 vs. 1.3 in 313
August and May, respectively; Table 4 ) and for 16:1ω7 (22.5% vs. 3.4% in August and May, 314 respectively; Table 4 ). Interestingly, although FA profiles of muscles differed from those of 315 digestives glands during August (p-value < 0.01, Table 5 ), they were not statistically different 316
during May (p-value = 0.322, Table 5 ). 317
For A. moerchi tissues, both muscles and digestive glands had distinct FA profiles between 318 seasons (p-value < 0.001, Table 5 ). The highest PUFA and EFA percentages for digestive 319 glands were found in May (Table 4 ). In contrast, MUFAs were dominant during August, mainly 320 due to twice higher values of 16:1w7 compared to May (Table 4 ). A similar trend was observed 321 for muscle FA profiles, with May contributions of EFA and PUFA double those of August (e.g., 322
fivefold higher in May for 22:6ω3 = 14.5% vs. 2.8%, Table 4 ). 323
Isotopes 324
Although isotopic signatures of the digestive glands of A. moerchi (δ 13 C = -24.2‰ and δ 15 N = 325 6.5‰) and M. truncata (δ 13 C = -24.7‰ and δ 15 N = 6.2‰) were similar during August, they 326 in M. truncata (+3‰ and +1.5‰ between August and May for δ 13 trophic winter environment. Moreover, each species displays a distinct pattern in its ability to 493 use these lipids. Hence, the similar FA profiles observed during winter between digestive glands 494 and muscle tissues of M. truncata may reflect a depletion of its lipid reserves. This phenomenon 495 will induce a decrease in the concentration of neutral lipids (constituent of the lipid reserves in 496 digestive glands) and will mechanically increase the proportion of polar lipids in this tissue (i.e., 497 there will be a higher proportion of polar lipids in winter for a similar concentration between 498 the two seasons). Hence, the similar lipid class composition between digestive glands and 499 muscles may increase the similarity in their lipid profiles. The seasonal increase of digestive 500 gland δ 13 C values may strengthen this hypothesis, since lipids are more depleted in δ 13 C than 501 in other compounds (Lorrain et al. 2002) . The increase in δ 13 were found at 20 and 163 m depth (Glud et al. 2000) , we hypothesize that organic matter transfer 530 from the surface to deeper basins would be fast enough to fuel benthic filter-feeding species 531
with relatively fresh organic matter (i.e., similar to that in shallow waters). Such tight pelagic-532 benthic coupling has previously been reported up to 600 m depth in the High Arctic Canadian 533 archipelago for the filter-feeding bivalve Bathyarca glacialis (Gaillard et al. 2015) . 534
Conclusion and outlooks 535
Extremely long sea-ice cover deprives Young Sound of fresh primary production during most 536
of the year, while freshwater inputs strongly degrade the quality of organic matter in surface 537 waters and seems to control the primary production dynamics within bottom waters during 538 summer. However, distinct adaptations are observed among filter-feeding bivalves to cope with 539 the long winter conditions: A. moerchi seems to be best adapted to live on stored energy 540 reserves, whereas the depletion of M. truncata's lipid reserves during May suggest it has less 541 energetic margin to survive the winter. 542
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